(19) 



J 



Europaisches Patentamt 
European Patent Offic 
Offic uropeen d s brev ts 




(11) 



EP1 128 178 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

29.08.2001 Bulletin 2001/35 

(21) Application number: 99951105.8 

(22) Date of filing: 27.10.1999 



(51) IntCI/: G01N 21/35 

(86) International application number: 
PCT/JP99/05954 

(87) International publication number: 

WO 00/28303 (18.05.2000 Gazette 2000/20) 



(84) Designated Contracting States: 


• TAKEZAWA, Yoshitaka 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Hitachi Res. Lab. of Hita. Ltd 


MC NL PT SE 


Hitachi-shi, Ibaraki 319-1292 (JP) 


(30) Priority: 05.11.1998 JP 31479498 


• ITO, Yuzo Hitachi Res. Lab. of Hitachi, Ltd. 


Hitachi-shi, Ibaraki 319-1292 (JP) 


(71) Applicant: Hitachi, Ltd. 


(74) Representative: Beetz & Partner Patentanwalte 


Chiyoda-ku, Tokyo 101-8010 (JP) 


Stein sdorf st rasse 10 




80538 Munchen (DE) 


(72) Inventors: 


♦ KATAGIRI, Junichi 




Hitachi Res. Lab. of Hitachi,Ltd 




Hitachi-shi, Ibaraki 319-1292 (JP) 





00 

T- 

CO 
CM 



(54) METHOD FOR MEASURING WATER CONTENT, DEVICE FOR MEASURING WATER 
CONTENT, AND METHOD FOR PRODUCING ELECTRONIC DEVICE 



(57) A measurement method and a compact meas- 
urement apparatus, which are capable of simply meas- 
uring the water content of an object member, with a high 
degree of accuracy, is characterized in performing the 
processes of: irradiating the surface of the objective 
member to be measured, with at least two kinds of mon- 
ochromatic light beams of different wave length values, 
one of the wave length values being less than 1 350 nm, 
the light beams being led by a light-guiding device for 
light-irradiation to the surface of the objective member; 
measuring the intensity of reflected light in each light 
beams, which is reflecting from the surface of the objec- 
tive member, by leading the reflected light to a light in- 
tensity-measurement unit, with a light-guiding device for 
light-receive; obtaining the reflective absorbance (A x ) of 
each light beam; calculating a reflective-absorbance dif- 
ferences (AA X ) between, or a reflective-absorbance ra- 
tios (A x ') of, the respective light beams, respectively; 
and estimating the water content of the measured object 
member by using the relationship between water con- 
tent, and reflective-absorbance differences or reflective- 
absorbance ratios, the relationship being memorized in 
a memory device in advance. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates to a water con- 
tent-measurement method and a water content-meas- 
urement apparatus which measure the water content of 
an object member to be measured, such as a paper, a 
film, etc., using light, and to an electrical component- 
fabrication method using the measurement method or 
the measurement apparatus. 

BACKGROUND OF THE INVENTION 

[0002] Concerning a method of measuring the water 
content of an object member to be measured, a two- 
color infrared water content-measurement device using 
absorbed light of 1 .94 jj. mwave length, and reference 
light of 1 .7 or 1 .8p.m wave length, and obtaining the wa- 
ter content based on the ratio of two absorption degree 
signals of the absorbed light and the reference light, is 
known. Further for example, Japanese Patent Applica- 
tion Laid-Open Hei 5-164690 discloses a three-color 
water content-measurement device, which does not re- 
ceive an effect of a type of an object member to be 
measured, and an effect of humidity in air, by using ab- 
sorption light of 1 .96 and 2.0 \im wave lengths, and ref- 
erence light of 1.9 and 2.1[im wave lengths. Also, for 
example, Japanese Patent Application Laid-Open Sho 
60-93334 discloses a water content-measurement 
method suitable for measurement of high water content, 
which uses measurement light of 1 .76 - 1 .87 ^lm wave 
length, and reference light of 1 J\im wave length. 

DISCLOSURE OF THE INVENTION 

[0003] However, in the above conventional water con- 
tent-measurement method and apparatus, since an out- 
put measurement signal indicating water content devi- 
ates due to even a small difference between wave 
length valuesl.7 and 1.8jj.m, the high measurement ac- 
curacy cannot be realized. Further, the size of the meas- 
urement apparatus becomes large because of obtaining 
monochromatic light from continuous spectrum light via 
a spectrograph or a filter. 

[0004] Moreover, in the fabrication of electrical com- 
ponents such as transformers, motors, etc., since an in- 
sulating paper covering a coil conductor absorbs mois- 
ture during insulation paper-covering work or electrical 
component-assembling work, a dry process is per- 
formed after the assembling work is finished. However, 
since there has not been a portable water content- 
measurement device, and this causes the problem of 
that it is difficult to heuristically dry an insulation paper, 
etc., in just proportions, that is; needless time is con- 
sumed by overabundant dry-processing, or the insula- 
tion performance of the insulating papers is deteriorated 
by the shortage in drying the insulating papers due to 



improperly shortened dry-processing. 
[0005] An objective of the present invention is to pro- 
vide a water content-measurement method and a water 
content-measurement apparatus which is capable of 

5 measuring the water content of an object member to be 
measured, with a high degree of accuracy. 
[0006] Another objective of the present invention is to 
provide a water content-measurement method which 
can downsize a water content-measurement apparatus, 

10 and a water content-measurement apparatus which can 
be compactly composed. 

[0007] Further another objective of the present inven- 
tion is to provide an electrical component-fabrication 
method which is capable of efficiently fabricating an 
15 electrical component having excellent insulation char- 
acteristics. 

[0008] From results of examining the relationship be- 
tween water content and reflectance spectroscopic 
characteristics of an object member to be measured, it 

20 has been found that the water content of an object mem- 
ber to be measured can be calculated from the change 
in a reflective-absorbance difference between, or a re- 
flective-absorbance ratio of, light beams of two specific 
wave length values. 

25 [0009] The present invention provides a water con- 
tent-measurement method in which the surface of an 
objective member to be measured is irradiated with a 
light beam of wave length at which reflective absorb- 
ance is largely affected by water content, and a light 

30 beam of other wave length at which reflective absorb- 
ance is hardly affected by water content, and the reflec- 
tive absorbance of each light beam is obtained by meas- 
uring the intensity of reflected light in each light beam, 
said method comprises the steps of: irradiating the sur- 

35 face of the objective member to be measured, with at 
least two kinds of monochromatic light beams of differ- 
ent wave length values, one of the wave length values 
being less than 1350 nm, the light beams being led to 
the surface of the objective member by a light-guiding 

40 device for light-irradiation; measuring the intensity of re- 
flected light in each light beams, which is reflecting from 
the surface of the objective member, by leading the re- 
flected light to a light intensity-measurement unit with 
a light-guiding device for light-receive; obtaining the re- 

45 fiective absorbance (A x ) of each light beam, using the 
equation (1); calculating a reflective-absorbance differ- 
ences (AA } ) between, or a reflective-absorbance ratios 
( A x') °f« tne respective light beams, using the equation 
(2) or (3), respectively; and estimating the water content 

so of the measured object member by using the calculated 
reflective-absorbance difference (AA^) or the calculated 
reflective-absorbance ratio (A^ 1 ), and the relationship 
between water content, and reflective-absorbance dif- 
ferences [AA X ) or reflective-absorbance ratios (A^') f the 

55 relationship being memorized in a memory device in ad- 
vance. 

Here, 
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Ax="'og(i x /i 0 ,x) 0). 

AA^A U .A^ 2 (X1>X2) (2), 

and 

Ax' = A u /A X2 (X1>X2) (3), 

where I: the intensity of light reflecting from the 
surface of a standard white board, l 0 : the intensity of the 
light reflecting from the surface of the measured object 
member, and : a wave length value less than 1 350 nm. 
[001 0] Further, the present invention provides a water 
content-measurement apparatus for measuring water 
content by irradiating the surface of an objective mem- 
ber to be measured, with a light beam of wave length at 
which reflective absorb ance is largely affected by water 
content, and a light beam of other wave length at which 
reflective absorbance is hardly affected by water con- 
tent, and obtaining the reflective absorbance of each 
light beam based on a measured intensity value of re- 
flected light in each light beam, said apparatus compris- 
es: a light source for emitting at least two kinds of mon- 
ochromatic light beams of different wave lengths, one 
of the wave length values being less than 1350 nm; a 
light-guiding device for light-irradiation, for leading the 
light beams emitted from the light source to the surface 
of the objective member; a light-guiding device for light- 
receive, for leading reflected light in each light beams, 
which is reflecting from the surface of the objective 
member; a light intensity-measurement unit for measur- 
ing the intensity of light radiated from the light-guiding 
device for light-receive; and a calculation and controf 
unit which obtains the reflective absorbance (A x ) of each 
light beam, calculates a reflective-absorbance differ- 
ence (AA k ) between, or a reflective-absorbance ratio 
(A*/) of, the respective light beams, and estimates the 
water content of the measured object member by using 
the calculated reflective-absorbance difference (AA X ) or 
the calculated reflective-absorbance ratio (A x ') f and the 
relationship between water content, and reflective-ab- 
sorbance differences (AA X ) or reflective-absorbance ra- 
tios (A x '), the relationship being memorized in a memory 
device in advance. 

[0011] Furthermore, the present invention provides 
an method of fabricating an electrical component in 
which a coil conductor covered with an insulating paper 
is contained in a case, and insulation oil is poured into 
the case after the coil conductor covered with the insu- 
lating papers is dried, the method comprises the steps 
of: irradiating the surface of the insulating paper, with at 
least two kinds of monochromatic light beams of differ- 
ent wave length values, one of the wave length values 
being less than 1350 nm, said light beams being led to 



the surface of the insulating paper by a light-guiding de- 
vice for light-irradiation; measuring the intensity of re- 
flected light in each light beams, which is reflecting from 
the surface of the insulating paper, by leading the re- 

5 fleeted light to a light intensity-measurement unit with 
a light-guiding device for light-receive; obtaining the re- 
flective absorbance (A^) of each light beam, using the 
equation (1); calculating a reflective-absorbance differ- 
ence (AAjJ between, or a reflective-absorbance ratio 

10 (A^) of, the respective light beams, using the equation 
(2) or (3), respectively; estimating the water content of 
the measured object member by using the calculated 
reflective-absorbance difference (AA } ) or the calculated 
reflective-absorbance ratio (A^), and the relationship 

15 between water content, and reflective-absorbance dif- 
ferences (AA X ) or reflective-absorbance ratios (A^ 1 ), the 
relationship being memorized in a memory device in ad- 
vance; drying the coil conductor covered with the insu- 
lating paper until the water content of the coil conductor 
20 becomes less than a predetermined value; and pouring 
insulation oil into the case. 
Here, 

25 A„=-log(VI 0X ) (1), 



AA X = A X1 -A X2 (A.1>X2) (2), 

30 and 

A^=A\\iA xz W>\2) (3), 

35 where I: the intensity of light reflecting from the 

surface of a standard white board, l 0 : the intensity of light 
reflecting from the surface of the measured object mem- 
ber, and Xg. a wave length value less than 1350 nm. 
[0012] In addition, the present invention provides an 

40 method of fabricating an electrical component in which 
a stator core is wound by a coil conductor covered with 
an insulating paper, and a varnishing process is per- 
formed to the stator co re and the coil conductor after the 
stator core wound by the coil conductor covered with the 

45 insulating papers is dried, said method includes the 
steps of: irradiating the surface of the insulating paper, 
with at least two kinds of monochromatic light beams of 
different wave lengths, oneof the wave length being less 
than 1350 nm, the light beams being led to the surface 

50 of the insulating paper by a light-guiding device for light- 
irradiation; measuring the intensity of reflected light in 
each light beams, which is reflecting from the surface of 
the insulating paper, by leading the reflected light to a 
light intensity-measurement unit, with a light-guiding de- 

>5 vice for light-receive; obtaining the reflective absorb- 
ance (AjJ of each light beam, using the equation (1); 
calculating a reflective-absorbance difference (AA X ) be- 
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tween, or a reflective-absorbance ratio (A;/) of, the re- 
spective light beams, using the equation (2) or (3), re- 
spectively; estimating the water content of the meas- 
ured object member by using the calculated reflective- 
absorbance difference (AA^) or the calculated reflective- 
absorbance ratio (A^), and the relationship between wa- 
ter content, and reflective-absorbance differences 
(AA X ) or reflective-absorbance ratios (A^), the relation- 
ship being memorized in a memory device in advance; 
drying the coil conductor covered with the insulating pa- 
per until the water content of the coil conductor becomes 
less than a predetermined value; and performing a var- 
nishing process for the stator core and the coil conduc- 
tor. 

Here, 

Ax-tog (lx'»o. a) (1). 



AAj^A^ -A„ 2 (X1 >X2) (2), 

and 

A X , = A X1 /A X2 (X1>X2) (3), 

where I: the intensity of light reflecting from the 
surface of a standard white board, l 0 : the intensity of light 
reflecting from the surface of the measured object mem- 
ber, and Xg: wave length less than 1 350 nm. 
[0013] Further, concerning the wave lengths of the 
monochromatic light beams, it is preferable to set X 1 in 
a range of 1400 - 2000 nm, and in a range of 600 - 
1350 nm. 

[0014] Moreover, a semiconductor laser diode or a 
light emission diode, which emits light having a peak in 
a wave length range of 600 nm - 2000 nm, can be used 
for the monochromatic light source. 
[0015] Also, it is preferable to use a glass fiber for the 
light-guiding device for light-irradiation, and the light- 
guiding device for light-receive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Fig. 1 is a schematic block diagram showing 
the composition of a water content-measurement appa- 
ratus of an embodiment according to the present inven- 
tion. 

[0017] Fig. 2 is a vertical cross section showing the 
internal structure of a probe in the water content-meas- 
urement apparatus shown in Fig. 1 . 
[001 8] Fig. 3 is a flow chart of calculating water con- 
tent, which is executed by the water content-measure- 
ment apparatus shown in Fig. 1 . 
[0019] Fig. 4 is a graph showing spectra of light re- 
flecting from insulating papers of different water con- 
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tents. 

[0020] Fig. 5 is a characteristic curve showing the re- 
lationship between water content and reflective-absorb- 
ance differences. 
5 [0021 ] Fig. 6 is a characteristic curve showing the re- 
lationship between water content and reflective-absorb- 
ance ratios. 

[0022] Fig. 7 is a characteristic curve showing the re- 
lationship between water content and breakdown volt- 
10 age. 

[0023] Fig. 8 is a characteristic curve showing the re- 
lationship between water content and specific volume 
resistance. 

[0024] Fig. 9 is a schematic diagram depicting a 
15 measurement system for performing a oil filled trans- 
former-fabrication method according to the present in- 
vention by using the water content-measurement appa- 
ratus of the present invention. 

[0025] Fig. 1 0 is a vertical cross, section of a probe in 
20 the water content-measurement apparatus shown in 
Fig. 9. 

[0026] Fig. 11 is a side elevation of a stator fabricated 
by an electrical component-fabrication method accord- 
ing to the present invention. 

25 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0027] Results of examining the relationship between 
water content and reflectance spectroscopic character- 

30 istics of a measured object member shows that the wa- 
ter content of an object member to be measured can be 
calculated from the change in a reflective-absorbance 
difference between, or a reflective-absorbance ratio of, 
light beams of two specific wave lengths. 

35 [0028] Water content is defined as a ratio of the weight 
of water included in an object member to the total weight 
of the object member. That is, by using each measured 
weight, this water content is obtained from the equation: 
(the total weight of an object member - the weight of wa- 

40 ter included in the object member) / the total weight of 
an object member. 

[0029] That is, the water content of an object member 
to be measured can be accurately obtained by the fol- 
lowing method comprising the steps of: irradiating the 

45 surface of the objective member to be measured, with 
at least two kinds of monochromatic light beams of dif- 
ferent wave lengths, one of the wave length being less 
than 1 350 nm, the light beams being led to the surface 
of the objective member by a light-guiding device for 

so light-irradiation; measuring the intensity of light in each 
light beams, which is reflecting from the surface of the 
objective member, by leading the reflected light to a light 
intensity-measurement unit, with a light-guiding device 
for light-receive; obtaining the reflective absorbance 

55 (AjJ °f each l<9ht beam, using the equation (1); calcu- 
lating a reflective-absorbance difference (AAJ be- 
tween, or a reflective-absorbance ratio (A } ') of, the re- 
spective light beams, using the equation (2) or (3), re- 
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spectively; and estimating the water content of the 
measured object member by using the calculated reflec- 
tive-absorbance difference (AAjJ or the calculated re- 
flective-absorbance ratio (A>'), and the relationship be- 
tween water content, and reflective-absorbance differ- 
ences (AAjl ) or reflective-absorbance ratios (AjJ), the 
relationship being memorized in a memory device in ad- 
vance. 

Here : 

A x = -log (l x /l 0 - J ( 1 >« 



AAj^Au -A X2 (X1 >X2) (2), 

and 

A X ' = A X1 /A X2 (X1>X2) (3), 

where I: the intensity of light reflecting from the 
surface of a standard white board, l 0 : the intensity of light 
reflecting from the surface of the measured object mem- 
ber, and A^: a wave length value less than 1350 nm. 
[0030] Further, as the wave length values of the re- 
spective monochromatic light beams used in the 
present invention, it is preferable to use light of 1400 - 
2000 nm wave length in the near infrared region, whose 
absorbance changes depending on effects of water con- 
tent, and light of less than 1350 nm wave length, pref- 
erably light of 600 - 1 350 nm wave length in a visual and 
near infrared region, whose absorbance is scarcely af- 
fected by water content. 

[0031 ] The reflective-absorbance spectrum which re- 
flects variation in the water content of an object member 
to be measured, changes according to the variation of 
the water content (A < B < C) as shown in Fig. 4 if a craft 
paper is used for an insulating paper. In the range of 
less than 1350 nm wave length, the reflective absorb- 
ance barely changes. However, the height of the peak 
near 1950 nm wave length in the reflective-absorbance 
spectrum largely changes as the water content increas- 
es, and the reflective absorbance increases in the wide 
range of 1400 - 2000 nm wave length in the reflective- 
absorbance spectrum due to the increase of the water 
content, which in turn makes it possible to accurately 
detect the water content. 

[0032] Moreover, as the monochromatic light source, 
a semiconductor laser diode (LD) or a light-emission di- 
ode (LED), which emits light having a peak in a wave 
length range of 600 - 2000 nm, is suitable because these 
diodes can be easily obtained, and have a long life time, 
a stable performance, and a compact size. Specifically, 
an LD or an LED, which emits light having a peak at 660, 
650, 660, 670, 695, 700, 770, 785, 820, 830, 870, 880, 
940, 950, 1310, 1550 nm, is suitable for the monochro- 



matic light sources, 

[0033] An object member which is measured by the 
water content-measurement method and the water con- 
tent-measurement apparatus according to the present 
5 invention, is mainly a paper made of vegetable fiber, 
such as a craft paper, a sulfite paper, a semi-chemical 
pulp paper, a chemiground pulp paper, a refiner ground- 
wood pulp paper, etc.; a cellulose derivative paper such 
as a pressboard paper, a cyano-ethyled paper, an acet- 
10 yled paper, etc.; a chemical compound added paper 
such as an amine paper, a morpholine paper, an acti- 
vated alumina paper, etc.; a synthetic fiber mixed paper 
including hemp, ramie, mulberry fibers, etc.; a sheet or 
a film made of fiber such as cotton, sheep wool, rayon, 
etc; a synthetic-fiber sheet or film, made of polyamide, 
polyamide-imide, polyester, polyurethane, polyvinyle, 
polyacrylate, polyethylene, polyethylene-naphthalate, 
polyimide, polycarbonate, potyether-imide, polyethyl- 
eneterephthalate, polypropylene, acetate, polystylene, 
etc. Further, the water content-measurement method 
and the water content-measurement apparatus accord- 
ing to the present invention, are useful for measuring 
the water content of the surface of a molded article made 
of epoxy, urethane, polystylene, etc, an article of food, 
a drug medicine, a cosmetic, etc. 
[0034] Fig. 1 is a schematic block diagram showing 
the composition of a water content-measurement appa- 
ratus of an embodiment according to the present inven- 
tion. Fig. 2 is a vertical cross sectional view showing the 
internal structure of a probe used in the above water 
content-measurement apparatus. Further, Fig. 3 is a 
flow chart of calculating the water content of an object 
to be measured. 

[0035] In Fig. 1 and Fig. 2, a calculation and control 
unit 1 includes a microprocessor in which a memory for 
storing measured data and a read-on memory are situ- 
ated, and performs control of switching the wave length 
of a light beam emitted from a light source, calculation 
of water content, and control of display operations. 
[0036] A light source unit 2 includes light sources for 
emitting two monochromatic light beams. For example, 
an LD for emitting light of X 1 (1 550 nm) wave length, and 
an LED for emitting light of (950 nm) wave length, 
can be used for the two light sources, respectively. 
[0037] A light-guiding device for light-irradiation leads 
a measurement light beam emitted from the light source 
unit 2 to a probe 4 so as to irradiate an object member 
to be measured, with the led light beam radiated from 
the probe 4. Further, a light-guiding device for light-re- 
ceive leads light reflecting from the surface of the object 
member to a light intensity-measurement unit 7. Al- 
though plastic fiber, glass fiber, etc., can be used for the 
light-guiding device for light-irradiation and the light- 
guiding device for light-receive, glass fiber, whose at- 
tenuation factor at the wave length of the light used for 
the measurement is small, is suitable. 
[0038] The light intensity-measurement unit 7 meas- 
ures the intensity of light reflecting from the surface of 
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the object member. 
[0039] A display device 8 is controlled by the calcula- 
tion and control unit 1 , and displays the measured water 
content. 

[0040] The calculation and control unit 1 and the dis- 
play device 8 can be composed using a notebook or lap- 
top type personal computer. 

[0041] In this water content-measurement apparatus, 
first, in order to obtain a reference level, the reflective 
absorbance of a measurement light beam of each wave 
length is measured by putting the probe 4 in touch with 
a standard white board. That is, a measurement light 
beam of X A wave length, which has been generated in 
the light source unit 2, is led to the probe 4 through the 
light-guiding device for light-irradiation 3, and the stand- 
ard white board is irradiated with the light beam led to 
the probe 4. Further, the light reflecting from the stand- 
ard white board is led to the light intensity-measurement 
unit 7 through the light-guiding device 6 for light-receive. 
The light intensity-measurement unit 7 detects the in- 
tensity (l 0X1 ) of the reflected lightof X n wave length, and 
the calculation and control unit 1 memorizes the detect- 
ed intensity (l 0> xi)- Furthermore, in the same manner, 
the intensity (I 0i jc2) °f tne reflected light of ^ wave length 
is detected, and this detected intensity is stored in the 
calculation and control unit 1 . 

[0042] Next, the intensity of light reflecting from the 
object member 5 is measured. The probe 4 is put in 
touch with the surface of the object member 5, and the 
intensity values (I X1 , l^) of the reflected light of the re- 
spective wave lengths are detected in the same manner 
as in the detection of the reference intensify values of 
the reflected light of the respective wave lengths, which 
are obtained by using the standard white board, and 
th se values are memorized in the calculation and con- 
trol unit 1 . Further, the reflective absorbance of the light 
beam of each wave length is calculated and memorized. 
[0043] The calculation and control unit 1 calculates 
the water content of the object member based on the 
relationship between water content, and reflective-ab- 
sorbance differences (AA ?to ) or reflective-absorbance ra- 
tios (A x '), which is stored in advance. Further, the result 
of the calculation is displayed on the display device 8. 
Here, it is possible to store two groups of relational data 
expressing, that is: the relationship between water con- 
tent and reflective-absorbance differences (AA X ) and 
the relationship between water content and reflective- 
absorbance ratios (AjJ), and selectively select one of the 
two groups, corresponding to the type of an object mem- 
ber. On the other hand, it is also possible to selectively 
store one of the two groups in advance, corresponding 
to the type of an object member. 
[0044] The water content-measurement apparatus of 
this embodiment is composed so that an LD for emitting 
monochromatic light of A, t wave length and an LED for 
emitting monochromatic light of wave length are pro- 
vided in the light source unit 2; each measurement mon- 
ochromatic light beam of X 1 or wave length, which is 
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generated by the LD or the LED, is led to the probe 4 by 
the light-guiding devices 3 and 6; the reflected light in 
the light beam is led to the light intensity-measurement 
unit 7; and the intensity of the reflected light is converted 
5 to an electric signal by the light intensity-measurement 
unit 7. By the above composition, a portable type water 
content-measurement apparatus of 5kg weight can be 
realized. 

10 Example 1 of measurement: 

[0045] The water content of a craft paper was meas- 
ured using the water content-measurement apparatus 
shown in Fig. 1 and Fig. 2. An LD emitting monochro- 

15 matic light of (= 1550 nm) wave length and an LED 
emitting monochromatic light of (= 950 nm) wave 
length, were used in the light source unit 2. 
[0046] First, after the craft paper of 0.25 mm thickness 
was dried at 120°C for 48 hours, the weight of the craft 

20 paper was measured, and the craft paper was left at 
room temperature. Then, the weight of the craft paper 
was measured again. The water content of the craft pa- 
per which had been left at room temperature, was cal- 
culated to be 3.6% from the weight change of the paper. 

25 [0047] Next, the water content of the craft paper which 
had been left at room temperature, was measured using 
the water content-measurement apparatus shown in 
Fig. 1 and Fig. 2, in which monochromatic light of \ A (= 
1550 nm) wave length, emitted by an LD, and mono- 

30 chromatic light of X^. (- 950 nm ) wave length, emitted by 
an LED, were used. The water content of the craft paper 
was measured to be 3.7% by the method of measuring 
water content based on a reflective-absorbance differ- 
ence, which is indicated in embodiment 1 , and the 3.7% 

35 water content was displayed on the display device 8. 
The water content calculated from the weight change 
was 3.6%, and the high measurement accuracy was ob- 
tained. 

40 Example 2 of measurement: 

[0048] The water content of a pressboard paper was 
measured using the water content-measurement appa- 
ratus shown in Fig. 1 and Fig. 2. Here, an LD emitting 

45 monochromatic light of X 1 (= 1 550 nm) wave length and 
an LD emitting monochromatic light of (= 830 nm) 
wave length, were used in the light source unit 2. Fur- 
ther, for each of the monochromatic light of 1550 nm 
wave length and the monochromatic light of 830 nm 

so wave length, the relationship between water content 
and reflective-absorbance ratios had-been input to the 
calculation and control unit 1 in advance. 
[0049] First, after the pressboard paper of 0.8 mm 
thickness was dried at 120°C for 48 hours, the weight 

55 of the craft paper was measured, and the pressboard 
paper was left in a constant humidity bath. Then, the 
weight of the craft paper was measured again. The wa- 
ter content of the craft paper which had been left at room 
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temperature, was calculated to be 13.6% from the 
weight change of the paper. 

[0050] Next, the water content of the pressboard pa- 
per which had been left at room temperature , was meas- 
ured using the water content-measurement apparatus 
shown in Fig. 1 and Fig. 2., in which monochromatic light 
of A^ (=1550 nm) wave length, emitted by an LD, and 
monochromatic light of A^ (= 950 nm ) wave length, emit- 
ted by an LD, were used. The water content of the craft 
paper was measured to be 13.5% by the method ac- 
cording to the present invention, and the 13.5% water 
content was displayed on the display device 8. Thus, 
the result indicates that the high measurement accuracy 
was obtained. 

Example 3 of measurement: 

[0051] The water content of an amine paper was 
measured using the water content-measurement appa- 
ratus shown in Fig. 1 and Fig. 2. Here, an LD emitting 
monochromatic light of X A (= 1550 nm) wave length and 
an LD emitting monochromatic light of A^ (= 1310 nm) 
wave length, were used in the light source unit 2. Fur- 
ther, for each of the monochromatic light of 1550 nm 
wave length and the monochromatic light of 1310 nm 
wave length, the relationship between water content 
and reflective-absorbance ratios had been stored in the 
calculation and control unit 1 in advance. 
[0052] First after the amine paper of 0.25 mm thick- 
ness was dried at 1 20°C for 48 hours, the weight of the 
amine paper was measured, and the amine paper was 
left at room temperature. Then, the weight of the amine 
paper was measured again. The water content of the 
amine paper which had been left at room temperature, 
was calculated to be 5.5% from the weight change of 
the paper. 

[0053] Next, the water content of the amine paper 
which had been left at room temperature was measured 
using the water content-measurement apparatus shown 
in Fig. 1 and Fig. 2. : in which monochromatic light of A^ 
(= 1550 nm) wave length, emitted by an LD, and mon- 
ochromatic light of X2 (= 131 0 nm) wave length, emitted 
by an LD, were used. 

[0054] Further, the water content of the amine paper 
was measured to be 5.5% by the method of measuring 
water content based on a reflective-absorbance differ- 
ence, and the 5.5% water content was displayed on the 
display device 8. Thus, this indicates that the high meas- 
urement accuracy was obtained. 

Example 4 of measurement: 

[0055] The water content of an acetate fiber film was 
measured using the water content-measurement appa- 
ratus shown in Fig. 1 and Fig. 2. Here, an LD emitting 
monochromatic light of (= 1550 nm) wave length and 
an LD emitting monochromatic light of A^ (= 635 nm) 
wave length, were used in the light source unit 2. Fur- 
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ther, for each of the monochromatic light of 1550 nm 
wave length and the monochromatic light of 635 nm 
wave length, the relationship between water content 
and reflective-absorbance ratios had been stored in the 

5 calculation and control unit 1 in advance. 

[0056] First, after the acetate fiber sheet of 0.5 mm 
thickness was dried at 120°C for 48 hours, the weight 
of the acetate sheet was measured, and the acetate fib- 
er sheet was left at room temperature. Then, the weight 

10 of the acetate fiber sheet was measured again. The wa- 
ter content of the craft paper which had been left at room 
temperature, was calculated to be 6.4% from the weight 
change of the sheet. 

[0057] Next, the water content of the acetate fiber 
is sheet which had been left at room temperature was 
measured using monochromatic light of Ah, (= 1550 nm) 
wave length, emitted by an LD, and monochromatic light 
of X2 (= 635 nm) wave length, emitted by an LD. The 
measured water content of the acetate fiber sheet was 
20 6.5%, which indicates that the high measurement accu- 
racy was obtained. 

Example 5 of measurement: 

25 [0058] The water content of a polyamide paper was 
measured using the water content-measurement appa- 
ratus shown in Fig. 1 and Fig. 2. Here, an LD emitting 
monochromatic light of A, 1 (= 1 920 nm) wave length and 
an LD emitting monochromatic light of kg (= 670 nm) 

30 wave length, which were obtained from white light via a 
spectrograph, were used. Further, for each of the mon- 
ochromatic light of 1 920 nm wave length and the mon- 
ochromatic light of 700 nm wave length, the relationship 
between water content and reflective-absorbance differ* 

35 ences, had been stored in the calculation and control 
unit 1 in advance. 

[0059] First, the water content of the polyamide paper 
of 0.135 mm thickness was calculated to be 6.4% from 
the weight change of the polyamide paper in the same 

40 manner as in the example 1 of measurement. 

[0060] Next, the water content of the polyamide paper 
was measured to be 6.6% by the method of measuring 
water content based on a reflective-absorbance differ- 
ence, using monochromatic light of X^ (= 1920 nm) wave 

45 length and monochromatic light of A^ (= 700 nm) wave 
length, which were obtained from white light via a spec- 
trograph. 

Example 6 of measurement: 

50 

[0061] The watercontent of the polyamide film whose 
thickness is 0.025 mm, was measured to be 2.8% by 
the method of measuring water content based on a re- 
flective-absorbance ratio, which was used in the exam- 
55 pie 1 , by using monochromatic light of A. 1 (= 1400 nm) 
wave length and monochromatic light of A^ (= 600 nm) 
wave length (for each of the monochromatic light of 
1400 nm wave length and the monochromatic light of 
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600 nm wave length, the relationship between water 
content and reflective-absorbance ratios had been 
stored in the calculation and control unit 1 in advance). 
On the other hand, the water content of the polyamide 
film was calculated to be 2.8% from the weight change 
of the paper. 

Example 7 of measurement: 

[0062] The water content of the sulfite paper whose 
thickness is 0.025 mm, was measured to be 7.8% by 
the method of measuring water content based on a re- 
flective-absorbance ratio, which was used in the exam- 
ple 1 , by using monochromatic light of \ A (= 2000 nm) 
wave length and monochromatic light of X2 (= 1 350 nm) 
wave length (for each of the monochromatic light of 
2000 nm wave length and the monochromatic light of 
1350 nm wave length, the relationship between water 
content and reflective-absorbance ratios had been 
stored in the calculation and control unit 1 in advance). 
On the other hand, the water content of the sulfite paper 
was calculated to be 7.9% from the weight change of 
the paper. 

[0063] Application example 1 to which the present in- 
v ntion was applied: 

[0064] The application example 1 is explained bellow. 
In this application example, the water content-measure- 
ment method according to the present invention is ap- 
plied to a transformer-fabrication method achieving a 
high insulation performance of a transformer by main- 
taining a predetermined water-content value of an insu- 
lating paper used as an insulating member for covering 
a coil conductor in a high-pressure oil filled transformer 
while measuring the water content of the insulating pa- 
per in the transformer which has been assembled. 
[0065] An insulating paper such as an oil-immersed 
pressboard paper has excellent electrical characteris- 
tics, and is indispensable for an insulating member in 
electrical equipment in which high voltage is used. How- 
ever, cellulose fibers which are a main component of a 
paper is highly hygroscopic, and if the paper absorbs 
moisture, it loses the excellent electrical characteristics. 
Consequently, it loses the property of an insulating 
m mber. Therefore, managing the water content of an 
insulating paper is greatly important. 
[0066] As shown in Fig. 7 and Fig. 8, the breakdown 
voltage and the specific volume resistance of an insu- 
lating paper such as a pressboard paper, decrease as 
the water content increases, and this may cause electric 
breakdown. Therefore, it is necessary to decrease the 
water content of the insulating paper by a hot-air drying 
method or a vacuum drying method. 
[0067] Fig. 9 and Fig. 1 0 are diagrams for depicting a 
measurement system which measured the water con- 
tent of a pressboard used for insulating a coil of an oil 
filled transformer of 50 MVA, by using the water content- 
measurement apparatus shown in Fig. 1 and Fig. 2. 
[0068] The water content-measurement apparatus 1 0 



fed a measurement light beam emitted from the respec- 
tive light sources 2a (LD light source emitting light of 
1550 nm wave length (X^)) and 2b (LD light source emit- 
ting light of 830 nm wave length (A^)), to the light-guiding 

5 device 3 for light-irradiation via an optical coupler 9. The 
probe 4 including a total reflection prism 4a and a stray 
light-shielding ring 4b, irradiated the object member to 
be measured (the standard white board 11 or the insu- 
lating paper) with the measurement light beam radiated 

10 from the light-guiding device 3 for light-irradiation. Fur- 
ther, the probe 4 led the light reflecting from the object 
member into the light-guiding device 6 for light-receive. 
[0069] In the oil-filled transformer 12, a coil 14, cov- 
ered by an insulation pressboard paper and wound on 

15 an iron core 13, was put into a case 15. 

[0070] At the case 15 of the oil-filled transformer 12, 
three holes were formed, that is: a measurement hole 
15a through which the light-guiding device 3 for light- 
irradiation and the light-guiding device 6 for light-receive 

20 were hermetically penetrated in order to put the probe 
4 in touch with the surface (the pressboard) of the coil 
14; a hot air-introducing hole 15b for introducing hot air 
ejected from a heating air blower 1 6 to the bottom space 
in the case 1 5; and an air-exhaust hole 1 5c for exhaust- 

25 ing the hot air which had dried the inside of the case 15, 
and had absorbed moisture. 

[0071] The top portion of an air-suction pipe 17a con- 
nected to a vacuum-drying air-exhaust pump 17 was 
constructed so that the pump 17 was hermetically con- 

30 nected to the hot air-introducing hole 15c. 

[0072] Further a tight seal plug 1 8 for sealing the air- 
exhaustion hole 1 5c of the case 1 5 was prepared. 
[0073] Also, the oil-filled transformer 12 was assem- 
bled so that the iron core 13, on which the coil 14 was 

35 wound, was contained in the case 15. 

[0074] Under the above conditions, in order to obtain 
a reference level, the intensity of reflected light in each 
of the light beams emitted from each of the light sources 
2a and 2b, which is reflecting from a standard white 

40 board, was measured by putting the probe 4 of the water 
content-measurement apparatus 10 in touch with the 
standard white board 11. First, the LD light source 2a 
emitting a light beam whose wave length X A was 1 550 
nm, was turned on, and the intensity (l 0 , m) of the light 

45 reflecting from the standard white board 1 1 was meas- 
ured. This measured intensity of the reflected light was 
stored in the calculation and control unit 1 . Further, the 
LD light source 2b emitting a light beam whose wave 
length was 830 nm > was turned on, and the intensity 

50 flo« 12) of tne K9 nt reflecting from the standard white 
board 11 was measured. This measured intensity was 
also stored in the calculation and control unit 1 . 
[0075] Next, the light-guiding devices 3 and 6 of the 
water content-measurement apparatus 10 were her- 

55 metically penetrated through the measurement hole 1 5a 
of the case 15 of the transformer 12, and the probe 4 
was put in touch with the surface of the coil 14. Then, 
the water content of the surface portion (pressboard pa- 
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per) of the coil was measured. In the same manner as 
in the measurement for the standard white board 1 1 , the 
intensity values (1^, 1^) of two kinds of light reflecting 
from the surface portion of the coil 14, whose wave 
length values were A.j and A^, respectively, were meas- 5 
ured, and these intensity values were stored in the cal- 
culation and control unit 1 . Further, the reflective absorb- 
ance values (A X1 , A^) of the two kinds of the light re- 
flecting from the surface portion of the coil 14, having 
the respective two wave length values, were calculated. io 
Furthermore, a reflective-absorbance difference [&A X ) 
between the two reflective absorbance values (A X1 , A^) 
was calculated and stored. Then, the water content was 
calculated using the relationship between water content 
and reflective-absorbance differences (AA X ) such as 15 
that shown in Fig. 5. In this example, the calculation re- 
sult of the water content indicated 8.2%. Moreover, the 
dry conditions corresponding the obtained water con- 
tent, such as drying time, were obtained, and they were 
displayed on the display device 8. 20 
[0076] In drying operations, while the dry conditions 
shown on the display device 8 was referred to, an air- 
blasting pipe 1 6a connected to the heating air blower 1 6 
was put through the hot air-introducing hole 15b, and 
hot air which had been heated to 1 1 0°C was fed to the 25 
bottom space in the case 15, corresponding with the 
m asured water content. The hot air which was fed to 
the bottom portion of the case 15, dried the inside of the 
case 15 while absorbing moisture, and was expelled 
from the air-exhaust hole 1 5c to the outside. After the 30 
hot-air drying operation was finished, the air-blasting 
pipe 1 6a was withdrawn through the hot air-introducing 
hole 1 5b, and the air-suction pipe 1 7a connected to the 
vacuum-drying air-exhaust pump 1 7 was connected to 
th hot air-introducing hole 15b, and the air-exhaust 35 
hole 15c was sealed with the tight seal plug 18. Then, 
the inside of the case 1 5 was vacuum-dried by operating 
the vacuum-drying air-exhaust pump 17. After the 
above vacuum-drying was finished, the surface portion 
of the coil 14 was measured, and the result of the meas- *o 
urement indicated 0.5%. 

[0077] Further, the light-guiding devices 3 and 6 of the 
water content-measurement apparatus 10 was with- 
drawn, and the probe 4 was taken out. Furthermore, the 
air-suction pipe 17a of the vacuum-drying air-exhaust *s 
pump 17 was withdrawn, and the drying operation was 
finished, and the case 15 was filled with insulation oil. 
Thus, the oil-filled transformer having excellent insula- 
tion-characteristics could be fabricated. t 
[0078] Application example 2 to which the present in- so 
vention was applied: 

[0079] Insulation covering processes of a stator of a 
motor are the same as the above-described processes. 
A stator of a motor is fabricated by winding a stator coil 
covered with an insulating paper on a stator core, and ss 
the insulation process of impregnating the stator coil and 
the stator core with insulating varnish is performed after 
drying them. It is desirable that the water content of the 
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insulating paper is to be maintained at a predetermined 
value. 

[0080] Fig. 11 schematically shows the composition 
of a stator 21 of a motor, which is fabricated by winding 
a stator coil 1 9 covered with a polyamide insulating pa- 
per on a stator core 20. 

[0081] By using a water content-measurement appa- 
ratus (the showing of it is omitted) similar to the meas- 
urement apparatus shown in Fig. 11, which was used 
for the application example 1 , in order to obtain a refer- 
ence level, the intensity of light reflecting from a stand- 
ard white board, in a light beam emitted from each light 
source, was first measured by putting a probe of the wa- 
ter content-measurement apparatus in touch with a 
standard white board 11. Next, the probe 4 was put in 
touch with the surface (polyamide paper) of the stator 
coil 19, and the intensity values l^) of two kinds of 
light reflecting from the surface of the stator coil, whose 
wave length values were and X2, respectively, were 
measured, and these intensity values were stored in the 
calculation and control unit. Further, the reflective ab- 
sorbance values (A^, A^) of the two kinds of the light 
reflecting from the surface of the stator coil 19, having 
the respective two wave length values, were calculated. 
Furthermore, the reflective-absorbance ratio (A^ ') be- 
tween the two reflective absorbance values was calcu- 
lated and stored. Then, the water content was calculat- 
ed using the relationship between water content and re- 
flective-absorbance ratios (A^') such as that shown in 
Fig. 6. In this example, the calculation result of the water 
content indicated 7.2%. Moreover, the dry conditions 
corresponding the obtained water content, such as dry- 
ing time, were obtained, and they were displayed on the 
display device. 

[0082] In drying operations, while the dry conditions 
shown on the display device 8 was referred to, the stator 
21 was put into an electric oven in which the temperature 
is kept at 130°C, and the stator 21 was dried. Then.the 
water content of the surface of the stator was measured 
to be 0.5%. 

[0083] After the drying operations were finished, insu- 
lation processing was performed forthe stator coil 1 9 by 
using insulation varnish, and the stator 21 having excel- 
lent insulation-characteristics could be fabricated. 
[0084] By the above-described water content-meas- 
urement method and apparatus, since the water content 
of an object can be non-destructively and simply meas- 
ured, it is possible to efficiently and reliably dry an insu- 
lating paper used in a transformer or motor to be in a 
proper dry state (water content), while measuring the 
water content of it. Further, by filling it with insulation oil, 
or performing an insulation process using insulation var- 
nish, it is possible to fabricate a highly reliable trans- 
former or a motor which has a high breakdown voltage 
and excellent insulation characteristics. 



9 



17 EP1128 

INDUSTRIAL APPLICABILITY OF THE INVENTION 

[0085] In accordance with the present invention, the 
water content of an object member such as a paper, a 
film, etc., can be non-destructively, accurately, and sim- s 
ply measured. 

[0086] Further, it is possible to provide a water con- 
tent-measurement apparatus which can be portably 
used. 

[0087] Furthermore, by using such a water content- io 
measurement apparatus, an electrical component hav- 
ing excellent insulation characteristics can be efficiently 
fabricated. 



Claims 

1. A water content-measurement method in which a 
surface of an objective member to be measured is 
irradiated with a light beam of wave length at which 20 
reflective absorbance is largely affected by water 
content and a light beam of other wave length at 
which reflective absorbance is hardly affected by 
water content, and reflective absorbance of each 
light beam is obtained by measuring intensity of re- 25 
fleeted light in each light beam, which is reflecting 
from said surface of said object member, said meth- 
od comprising the steps of: 

irradiating said surface of said objective mem- 30 
ber with at least two kinds of monochromatic 
light beams of different wave length values, one 
of said wave length values being less than 1 350 
nm, said light beams being led to said surface 
of said objective member by a light-guiding de- 35 
vice for light-irradiation; 
measuring intensity of reflected light in each 
light beams, which is reflecting from said sur- 
face of said objective member, by leading said 
reflected light to a light intensity-measurement 40 
unit, using a light-guiding device for light-re- 
ceive; 

obtaining reflective absorbance (AJ of each 
light beam, using equation (1 ); 
calculating a reflective-absorbance difference 
(AAjl ) between, or a reflective-absorbance ra- 
tio vV) of. said respective light beams, using 
equation (2) or (3), respectively; 
and estimating water content of said measured 
object member by using said calculated reflec- so 
tive-absorbance difference (AA^ ) orsaid calcu- 
lated reflective-absorbance ratio (A x '), and re- 
lationship between water content, and reflec- 
tive-absorbance differences (AA X ) or reflective- 
absorbance ratios (A ? /), said relationship being 55 
memorized in a memory device in advance; 
wherein. 
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Ax=-log(i x /i 0 .x) (1), 



AA X = A X1 - A X2 (here, A,1 >X2) (2), 
and 

A k = a ju 1 A 312 ( here . >X2 ) ( 3 ). 

where I: intensity of light reflecting from a 
surface of a standard white board, l 0 : said in- 
tensity of said light reflecting from said surface 
of said object member to be measured : and X^- 
a wave length value less than 1 350 nm. 

2. A water content-measurement method according to 
claim 1 , wherein said wave length value X n of one 
of said two kinds of said monochromatic light beams 
is in a range of 1 400-2000 nm, and said wave length 
value X2 of another of said two kinds of said mon- 
ochromatic light beams is in a range of 600 - 1350 
nm, 

3. A water content-measurement method according to 
claim 1 , wherein one of a semiconductor laser diode 
and a light-emitting diode, which has a peak in a 
range of 600-2000 nm, is used as a light source of 
each monochromatic light beam. 

4. A water content-measurement method according to 
any one of claims 1 to 3, wherein glass fibers are 
used for said light-guiding device for light-irradiation 
and said light-guiding device for light-receive. 

5. a water content-measurement apparatus in which 
a surface of an objective member to be measured 
is irradiated with a fight beam of wave length at 
which reflective absorbance is largely affected by 
water content, and a light beam of other wave length 
at which reflective absorbance is hardly affected by 
water content, and reflective absorbance of each 
light beam is obtained by measuring intensity of re- 
flected light in each light beam, which is reflecting 
from said surface of said object member, said ap- 
paratus comprising: 

a light source for emitting at least two kinds of 
monochromatic light beams of different wave 
length values, one of said wave length values 
being less than 1350 nm; 
a light-guiding device for light-irradiation, for 
leading said light beams emitted from the light 
source to said surface of said objective mem- 
ber; 

a light-guiding device for light-receive, for lead- 
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ing reflected light in each light beams, which is 
reflecting from said surface of said objective 
member; 

a light intensity-measurement unit for measur- 
ing intensity of light radiated from said light- $ 
guiding device for light- receive; 
and a calculation and control unit which obtains 
reflective absorbance (A x ) of each light beam, 
calculates a reflective-absorbance difference 
(AAJ between, or a reflective-absorbance ratio 10 
(A x ') of, said respective light beams, and esti- 
mates water content of said measured object 
member by using said calculated reflective-ab- 
sorbance difference (AA k ) or said calculated re- 
flective-absorbance ratio (A^ 1 ), and relationship is 
between water content, and reflective-absorb- 
ance differences (AAJ or reflective-absorb- 
ance ratios (A^'), said relationship being mem- 
orized in a memory device in advance. 

20 

6. A watercontent-measurement apparatus according 
to claim 5, wherein said wave length value W of one 
of said two kinds of said monochromatic light beams 
is in a range of 1400 - 2000 nm, and said wave 
length value X2 of another of said two kinds of said 25 
monochromatic light beams is in a range of 600 - 
1350 nm, 

7. A watercontent-measurement apparatus according 

to claim 5, wherein one of a semiconductor laser 30 
diode and a light-emitting diode, which has a peak 
in a range of 600-2000 nm , is used as a light source 
of each monochromatic light beam. 

8. A watercontent-measurement method according to 35 
any one of claims 5 to 7, wherein glass fibers are 
used forsaid light-guiding device for light-irradiation 
and said light-guiding device for light-receive. 

9. A method of fabricating an electrical component in 40 
which a coil conductor covered with an insulating 
paper is contained in a case, and insulation oil is 
poured into said case after said coil conductor cov- 
ered with the insulating paper is dried, said method 
comprising the steps of: 45 

irradiating a surface of said insulating paper, 
with at least two kinds of monochromatic light 
beams of different wave length values, one of 
said wave length values being less than 1 350 so 
nm, said light beams being led to said surface 
of said insulating paper by a light-guiding de- 
vice for light-irradiation; 
measuring intensity of reflected light in each 
light beams, which is reflecting from said sur- ss 
face of said insulating paper, by leading said 
reflected light to a light intensity-measurement 
unit, using a light-guiding device for light-re- 
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ceive; 

obtaining reflective absorbance (A^) of each 
light beam, using equation (1); 
calculating a reflective-absorbance difference 
(AA^ ) between, or a reflective-absorbance ra- 
tio (A x ') of, said respective light beams, using 
equation (2) or (3), respectively; 
estimating water content of said measured ob- 
ject member by using said calculated reflective- 
absorbance difference (AA X ) or said calculated 
reflective-absorbance ratio (A^'), and relation- 
ship between water content, and reflective-ab- 
sorbance differences (AAjJ or reflective-ab- 
sorbance ratios (A x '), said relationship being 
memorized in a memory device in advance; 
drying said coil conductor covered with said in- 
sulating paper until said water content of said 
coil conductor becomes less than a predeter- 
mined value; and 

pouring insulation oil into the case; 
wherein, 

Ax-logfl^/lo.x) (D, 

and 

A*' = A X1 / A kz (here, M >X2) (3), 

where I: intensity of light reflecting from a 
surface of a standard white board, l 0 : said in- 
tensity of said light reflecting from said surface 
of said measured object member, and 7^: a 
wave length value less than 1350 nm. 

10. A method of fabricating an electrical component in 
which a stator core is wound by a coil conductor 
covered with a insulating paper, and a varnishing 
process is performed for said stator core and said 
coil conductor after said stator core wound by said 
coil conductor covered with said insulating papers 
is dried, said method comprising the steps of: 

irradiating a surface of said insulating paper, 
with at least two kinds of monochromatic light 
beams of different wave length values, one of 
said wave length values being less than 1350 
nm, said light beams being led to said surface 
of said insulating paper by a light-guiding de- 
vice for light-irradiation; 
measuring intensity of reflected light in each 
light beams, which is reflecting from said sur- 
face of said insulating paper, by leading said 
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reflected light to a light intensity-measurement 
unit, with a light-guiding device for light-receive; 
obtaining reflective absorbance (A x ) of each 
light beam, using equation (1); 
calculating a reflective-absorbance difference 5 
(AAjJ between, or a reflective-absorbance ra- 
tio (A^) of, the respective light beams, using 
equation (2) or (3), respectively; 
estimating water content of said measured ob- 
ject member by using said calculated reflective- 10 
absorbance difference (AA X ) or said calculated 
reflective-absorbance ratio (A x '), and relation- 
ship between water content, and reflective-ab- 
sorbance differences (AAJ or reflective-ab- 
sorbance ratios (A x '), said relationship being '5 
memorized in a memory device in advance; 
drying said coil conductor covered with said in- 
sulating paper until said water content of said 
coil conductor becomes less than a predeter- 
mined value: and 20 
performing a varnishing process for said stator 
core and said coil conductor; 
wherein, 

A x =-log(l x /l ox ) (1), 



cording to any one of claims 9 to 12, wherein glass 
fibers are used for said light-guiding device for light- 
irradiation and said light-guiding device for light-re- 
ceive. 



AA x= a m " A 7l2 ( nere » M >^2) 



(2), 



and 



30 



A x'=A xl /A^ 2 (here,X1 >K2) (3), 

35 

where I: intensity of light reflecting from a 
surface of a standard white board, l 0 : said in- 
tensity of said light reflecting from said surface 
of said measured object member, and A^: a 
wave length value less than 1350 nm. 40 

1 1 . A method of fabricating an electrical component ac- 
cording to one of claim 9 and claim 1 0, wherein said 
wave length value X1 of one of said two kinds of 
said monochromatic light beams is in a range of 45 
1400 - 2000 nm, and said wave length value 12. of 
another of said two kinds of said monochromatic 
light beams is in a range of 600 - 1350 nm, 

12. A method of fabricating an electrical component ac- 50 
cording to one of claim 9 and claim 1 0, wherein one 

of a semiconductor laser diode and a light-emitting 
diode, which has a peak in a range of 600 - 2000 
nm, is used as a light source of each monochromat- 
ic light beam. 55 

13. A method of fabricating an electrical component ac- 
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FIG. 3 
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FIG. 4 
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